Abstract
Introduction
The intracerebral haemorrhage (ICH) is responsible for about 15% of acute stroke in hospital [1] , with 45% of mortality rate in 30 days, of which most survivors have neurological disability [2] . The [3] [4] [5] .
ICH-induced haematoma causes a direct mechanical destruction of brain tissue, followed by inflammation. There is no efficient and specific therapy for such neurological damage. Neural stem cells (NSCs) with the ability of proliferation and differentiation have been considered as a potential therapy for neurological diseases such as stroke, Parkinson disease, Huntington disease, amyotrophic lateral sclerosis and spinal cord injury
NSCs has been identified in the embryonic and adult human brain [6, 7] and also in neurogenic sites, e.g. the subventricular zone in the wall of the lateral ventricle and the subgranular zone of the hippocampal dendate gyrus of adult mammalian brains [4, 8, 9] [10] [11] [12] 
. However, the central nervous system can hardly regenerate after injury, suggesting the lack of endogenous NSCs and favourable microenvironment for the survival and differentiation of NSCs. Transplantation of exogenous NSCs was suggested as an alternative to treat brain damage. Experimental evidence showed that transplantation of NSCs or neural progenitor cells could improve survival rate of animal with stroke and ameliorate neurological deficits

Materials and methods
NSCs isolation and differentiation
Induction of ICH
NSCs differentiation in the brain
Animals were anesthetized and perfused with 100 ml cold PBS and 100 ml of 4% paraformaldehyde in 0. 
Results
Mouse foetal NSCs were seeded as the separate cell on day 0 ( Fig. 2A) Figure 3 . Cells with Hoechst 33342-positve nuclei showed positive to the staining of neuron-specific marker MAP-2 (Fig. 3A) . The neurons formed peripheral process like extensions which became more obvious with the mono-staining of MAP-2 (Fig. 3B) (Fig. 3C) . NSCsdifferentiated astrocytes were detected in microscopy with (Fig. 3D ) and without GFAP staining (Fig. 3E) . Some showed the matured shape of astrocytes with rich and strong GFAP staining (Fig. 3F) (Fig. 4C) , whereas ICH brain had the round lesion with low density on the right side (Fig. 4D) 3 days after the induction of ICH. At high resolution of GRE T2WI, the lesion became clearer (Fig. 4E) , as compared with the FSE T1WI resolution (Fig. 4F) .
. The cell with clear neural axons and dendrites in the intermediate phase of differentiation from NSCs to neurons was also detected
No animals died of the operation and anaesthesia during the experiment. The limb-placing test was performed in animals receiving the intracerebral injection of foetal NSCs, culture medium alone or PBS 3, 10, 17, 24 and 31 days after the induction of ICH, as shown in Figure 5. The score of limb-placing test gradually decreased in ICH animals receiving intracerebral injection of PBS or culture medium alone by time. There was a significant difference in animals with the culture medium alone between scores on days 3 and 31 (P Ͻ 0.05). The animals transplanted with foetal NSCs showed significantly better performance on limb placement test from 3 weeks and on after the induction of ICH, as compared with those with culture medium alone or PBS (Fig. 5, P Ͻ 0.05 or 0.001, respectively). The scores of limb-placing test in animals with NSCs transplantation on both post-ICH 24 and 31 days were significantly lower than those on 3 days (P Ͻ 0.01). There was also a significance difference of scores in animals transplanted with NSCs between days 24 and 31 after ICH.
Hoechst-positive NSCs transplanted into ICH haemorrhage lesion were found to appear in the haemorrhage core (Fig. 6A) , the border of the lesion (Fig. 6B and C) and the injection sites ( Fig. 6D  and E (Fig. 7A and  B) , NeuN alone ( Fig. 7C and D) , GFAP alone ( Fig. 7E and F) and both of Hoechst and NeuN or Hoechst and GFAP (Fig. 7G and H (Fig. 8) . Those could be compared with eurons and nerve fibres of normal SD mouse brain (Fig. 9) 
), 31 days after induction of ICH. Of those cells, transplanted foetal NSCs has positive staining with Hoechst alone
Discussion
The present study provided solid evidence to show that intracerebral transplantation of foetal NSCs could have therapeutic effects on the functional recovery in ICH and NSCs could differentiate into neurons and astrocytes. We propose that foetal NSCs can be one of optimal candidates for the transplantation of stem cells. Our results may contribute to the strategic consideration and plan of stem cell therapy for ICH, be helpful for clinicians to design the
Fig. 4 The formation of intracerebral haematoma was detectable at 6 hrs (A) and reached the maximal 3 days after the injection of collagenase (B). The examination of the nuclear magnetic resonance imaging showed the uniform of the density in normal brain at AX FSE T2W scan (C), the round lesion with low density in ICH brain (D) and the clearer lesion at high resolution of GRE T2WI (E), as compared with FSE T1WI resolution (F), 3 days after the induction of ICH. The lesions or abnormalities were pointed with red arrow.
clinical performance and be used as reference for the practical application of foetal NSCs. Intracerebral transplantation of stem cells to treat the stroke and ICH has been explored for a decade, e.g. using bone marrow stem cells [15] , NSCs [16] , adipose tissue-derived stromal cells [17] , umbilical cord multipotent mesenchymal stromal cells [18] and peripheral blood stem cells [19] .
The efficiency of stem cell transplantation as potential therapies has been suggested to be associated with a number of influencing factors, including cell sources, ability of differentiation and proliferation, transplanting time and delivery ways, disease severity and duration, similar to other cells [17] . For example, the intravenous injection of NSCs 1 day after ICH induction could improve (ϫ400; A) , the border of the lesion (ϫ200 and ϫ400; B and C) and the injection sites (ϫ100 and ϫ200; D and E). [22] . Genetic modification with Akt1 ϫ400 and ϫ600, A and B) , NeuN (green, ϫ400 and ϫ600, C and D) and GFAP (red, ϫ400 and ϫ600, E and F), and to triple staining of Hoechst, NeuN and GFAP (ϫ400 and ϫ600, G and H). ICH-induced brain oedema, leucocyte infiltrations and the activation of inflammatory mediators, which could disappear after splenectomy [31] . Although [32, 33] . It was found that NSCs could release glial cell-derived neurotrophic factor, brain-derived neurotrophic factor, nerve growth factor and others [34] [35] [36] .
In 
